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How to prevent biases in your data analysis? %
% \

THIS 15 YOUR MACHINE LEARNING SYSTEM? ®

YUP! YOU POUR THE. DATA INTO THIS BIG @’
PILE OF LINEAR ALGEBRA, THEN COLLECT \z\
THE ANSLIERS ON THE OTHER SIDE. @

WHAT IF THE ANSWERS ARE WJRONG? )

JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT

https://xkcd.com/1838/
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Introduction
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https://www.nasa.gov/image-feature/goddard/engineers-clean-mirror-with-carbon-dioxide-snow


https://www.cartoonstock.com/directory/b/blast_off.asp

Limiting factors for studying low biomass SAF/Spacecraft surfaces

Conventional technologies are focused on

eradicating microbial contaminants, but it is
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important to understand that low biomass B =N %00 000 e
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These signature from both Eukaryotic and
Prokaryotic domain, need to be cataloged in an
unbiased manner to create a microbial

passenger list



Roseburia hominis A2-183

1. Deinococcus radiodurans
2. Hymenobacter sp. DG25A
3. Thermococcus litoralis

4. Bacillus pumilus SAFR-032 (Spore)

5. Hymenobacter psychrophilus

6. Flavobacterium psychrophilum
7. Rhodonellum psychrophilum

8. Jeotgalibacillus marinus (Spore)

9. Clostridium butyricum (Spore)

10.Halobacteroides halobius

. (b) Target microorganisms for Amplicon array.
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(a) Microbial diversity of JPL-SAF
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Present status based on 100 sampling events

*Deinococcus actinosclerus
*Deinococcus apachensis
*Deinococcus aquatilis
* Dejnococcus deserti
*Delnococcus frigens
*Deinococcus geothermalis
* Deinococcus gobiensis
Deinococcus grandis
*Deinococcus maricopensis
*Deinococcus marmoris
* Deinococcus misasensis
s* Deinococcus murrayi
*Deinococcus peraridiljtoris
*Deinococcus phoenicis
* Deinococcus pimensis,
*Dejnococcus proteolyticus
*Deinococcus radiodurans
* Deinococcus reticulitermitis
*Deinococcus sp. Leaf326
*Deinococcus sp. RL
*Deinococcus sp. U
*Delnococcus sp. YIM 77859
* Deinococcus swuensis,

* Deinococcus wulumugiensis
°uncultured Truepera sp.
yepera radiovictrix

Hymenobacter

* Deinococcus radiodurans
*  Hymenobacter sp. DG25A
*  Bacillus pumilus SAFR-032 (Spore)

ymenobacter actinosclerus

*Hymenobacter aerophilus

* Hymenobacter norwichensis
*Hymenobacter psychrophilus
*Hymenobacter sedentaqlés

Hymenobacter sp

*Hymenobacter sp. AT01-02

t—— ' Hymenobacter sp. DG25A

ceas

ymenobacter sp. DG25B
Hymenobacter sp. [S2118

*Hymenobacter sp. PAMC 26554
*Hymenobacter sp. PAMC 26628
* Hymenobacter sp. unc380mfsha3.1

Hymenobacter swuensis

*Hymenobacter terrenus
— Pontibacter actiniarum

Pontibacter
Rufibaster /

" Pontibacter akesuensis
~———— Pontibacter chinhatensis
Ruflbacter roseus
ufibacter ruber
Ruflbacter sp. DG15C
ufibacter SB DG31D
ufibacter tibetensis
Slccatlonl urans arizonensis

Il
B acillace

*Bacl
*Bacillus sp

. Baq”us s
*Baclllus s

*Bacillus circulans
*Baci||us clausii

* Bacj||lus coagulans.
*Baclllus dielmoensis
*Bacillus eiseniae
*Bacillus endophyticus
*Baci||lus Hrmus
*Baclillus

. Bam”us ;ordu
*Bacillus fumarioli
*Bacillus humi

. Baq”us kruIW|ch|

*Bacl

*Bacillus marinisedimentorum
*Bacillus massnlogorlllae

. Bacnlus megaterium
*Bacillus mesonae

. Eam”us njacini

*Bacl

*Bacil us persicus

-Baallis %r%;gi
»BSSIIIHS Sol

*Bacillus sp. 103m
*Bacillus sp. 105M

exus

us mannanl icus

us okhensis

. Eau us SE

*Bacillus sp. 2_A 57 |
*Bacillus sp. 95MFCvi2.

-Baallls b QBW

an“us S

us s

*Bacillus sp. R
*Bacillus sp. Ro
* Baci||us sp.
* Baci|fus Sp.




Present status based on 100 sampling events

Hymenobacter

\

ceas

“ Pontjbacter

ymenobacter actinosclerus

Hymenobacter aerophilus

* Hymenobacter norwichensis

$ e

Rufibaster

* Hymenobacter psychrophilus
*Hymenobacter sedentarius
*Hymenobacter sp. APR13
*Hymenobacter sp. AT01-02
*Hymenobacter sp. DG25A
*Hymenobacter sp. DG25B
*Hymenobacter sp. |S2118
*Hymenobacter sp. PAMC 26554
*Hymenobacter sp. PAMC 26628

* Hymenobacter sp. unc380mfsha3.1
*Hymenobacter swuensis

* Hymenobacter terrenus

* Pontibacter actiniarum

* Pontibacter akesuensis

* Pontibacter chinhatensis

* Rufibacter roseus

* Rufibacter ruber

* Rufibacter sp. DG15C

* Rufibacter SB DG31D

* Rufibacter tibe s )
* Siccationidurans arizonensis

tensis

*Elavobacterium akiainvivens

* Flavobacterium antarcticum

* Flavobacterium branchiophilum
* Elavobacterium caeni

* Flavobacterium enshiense
*Elavobacterium filum

* Flavobacterium gillisiae

° Flavobacterium hibernum

* Flavobacterium indicum

* Flavobacterium noncentrifugens

* Flavobacterium tegetincola

* Elavobacterium rivuli

* Flavobacterium sp. 316

* Flavobacterium sp. AED

* Flavobacterium sp. Leaf359

* Flavobacterium sp. TAB 87

* Flavobacterium subsaxonicum
*Elavobacterium swingsii

° Flavobacterium terrigena
* Flavobacterium ummariense

*  Hymenobacter psychrophilus
*  Flavobacterium antarcticum
*  Rhodonellum psychrophilum

* Arsenicibacter rosenii

* Cytophaga aurantiaca

* Cytophaga hutchinsonii
— " [D)yadogac’{er aIkaLlltolﬁrggs
—Dyadobacter sp. Lea
— Dyadobacter sp. SG02

*Emticicia sp. MM

*Eibrella aestuarina

*Fibrisoma limi

* Flectobacillus major . .

* Pseudarcicella hifudinis

* Rhodonellum psychrophilum

*Rudanella lutea

—Runella limosa

*Runella slithyformis
* Siphonobacter aquaeclarae

O —




Present status based on 100 sampling events

* Candidatus Arthromitus sp. SFB-turkey

[
*Clostridium acetireducens
* Clostridium baratii
/i * Clostridium botulinum
‘ * Clostridium butyricum
* Clostridium cadaveris
| ® Clostridium colicanis
*Clostridium lundense
* Clostridium nigeriense
* Clostridium pasteurianum
* Clostridium perfringens
*Clostridium phoceénsis
* Clostridium saccharobutylicum
*Clostridium sp. 7_3_54FAA
* Clostridium sp. .
*Clostridium sp.
* Clostridium sp.
* Clostridium sp.
*Clostridium sp.
"glos%rgg!um sp.
*Clostridium sp. : s :
- Gjostridium Sp. *  Clostridium butyricum (Spore)
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Clostridium sp.
Clostridium sp.

<

Clostridium sp.
Clostridium sp.
Clostridium sp.
Clostridium sp.
Clostridium sp.
*Clostridium sp.
* Clostridium sp.
*Clostridium sp. MSTE9
*Clostridium sp. ND2
*Clostridium sp. W14A
*Clostridium bolteae CAG:59
*Clostridium sp. CAG:1024
Clostridium sp. CAG:217
*Clostridium sp. CAG:226
*Clostridium sp. CAG:242
'CIostr;g!um sp. 8
environmeqtal s : gi}ﬁa}w gg C
*Clostridium sp. C
*Clostridium sp. C
* Clostridium sp. C
*Clostridium sp. C
* Clostridium sp. 8
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Clostridia

T
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* Clostridium sp.
* Clostridium sp.
*Clostridium sp.
* Clostridium sp.
*Clostridium sp.
*Clostridium sp. (
* uncultured Clostridi
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Why use amplicon based technologies for SAF/Spacecraft

Targeted gene(s)-based method relies on polymerase chain reaction.
Low biological starting material (<1pg) is enough.

Executable in ultra-low biomass samples such as spacecraft surfaces.
Single panel can be used to study 24,000 targets simultaneously
Applicable for novel species discovery and genetic variation studies

Low computational requirement compared to total metagenome analysis
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Practical application of amplicon based technologies for SAF/Spacecraft

The amplicon based next generation sequencing
methods like AmpliSeq™ from lon Torrent and
targeted gene(s) sequencing from lllumina, will assist
in understanding cross-domain low biomass surface
organisms posing a threat of forward contamination.

Enable the development of suitable

cleaning/sterilization procedures and enhance PP
verification protocols.

https://www.thermofisher.com/us/en/home/life-science/sequencing/next-generation-sequencing/ion-torrent-next-generation-sequencing-workflow/ion-torrent-next-

generation-sequencing-select-targets/ampliseq-target-selection.html

https://www.google.com/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwiNr4Kd 5zcAhVLr1QKHSfNBpAQjhx6BAgBEAM&url=https%3A%2F

%2Fwww.youtube.com%2Fwatch%3Fv%3DSAntUVcqgpHQ&psig=AOvVaw2iONShIWc6Q-8BZWu7ELAt&ust=1531602810467509 11



https://www.thermofisher.com/us/en/home/life-science/sequencing/next-generation-sequencing/ion-torrent-next-generation-sequencing-workflow/ion-torrent-next-generation-sequencing-select-targets/ampliseq-target-selection.html
https://www.google.com/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwiNr4Kd_5zcAhVLr1QKHSfNBpAQjhx6BAgBEAM&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DSAntUVcqpHQ&psig=AOvVaw2iONShIWc6Q-8BZWu7ELAt&ust=1531602810467509

AmpliSeq™flow-through for target selection to data analysis.

SELECT/CUSTOMIZE CONSTRUCT PREPARE RUN ANALYZE
TARGET LIBRARY TEMPLATE SEQUENCE DATA

Targeted DNA Sequencing

lon AmpliSeq™ Designer lon AmpliSeq™ lon Chef™ System® or lon PGM™ Sequencer Torrent Suite™ Software +
at Ampliseq.com DNA Library Kit lon OneTouch™ 2 System lon Reporter™ Software

lon AmpliSeq™ DNA Panels

thermofisher.com 12
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Targeting APR genes and organisms

Total Gene pool

Targeting APR
Targeting APR genes

UVrA
Anaerobic uvrB
yejH
sbcB
yebC
ybgl
pstS
rsxA
dnal
yafC

Psychrophile

Microbial Identification

Deinococcus radiodurans
D. guangriensis
D. wulumugiensis
D. Xibeiensis
D. gobiensis
D. gradis
D. misasensis
Thermococcus gammatolerans
Bacillus pumilus
Acinetobacter radioresistens
Bacillus horneckiae
Microbacterium maritypicum
Streptomyces globisporus
Exiguobaceterium sp.
Micrococcus sp.




Primer/Panel designing for the APR genes

1. Fragment of the gene of interest from
metagenome of a given sample generated
(uvrA: ~250 bp)

Using this as the region, metagenome data
mining will be used to identify flanking
region(s) and sequence of these flanking
regions will yield the genetic information
about the gene of interest.

Subsequently, the gene of interest will be
used for designing multiple primer set(s) for
APR AmpliSeq panel.

Once sequences are available after APR
AmpliSeq, the total sequence of the gene of
interest (~1.9-kb for uvrA as an example)can
be compared for the similarity and hence
mutations inferred.




Conclusion

Amplicon based technologies will deepen our understanding of microbial
population associated with low biomass samples and their functional
characteristics with lower cost and computational requirement

Enable cataloging nucleic acid-dependent life surviving extreme conditions of
the spacecraft Assembly, Testing, Launch, and Operation (ATLO)
environments.

Modulated to catalog the microbial genes of interest to a specific mission (e.g.

psychrophilic, anaerobic, radiation resistant microbes for Europa).
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